Small-intestinal carcinoids (SIC) are the most common small-bowel malignancies. We sought to determine the risk of developing SIC before and after other primary malignancies (PM) and the prognosis of patients with SIC, with and without another PM. We used the Surveillance, Epidemiology, and End Results database to identify patients diagnosed with SICs between 1973 and 2007. Multiple primary-standardized incidence ratios were calculated as an approximation of relative risk (RR) to explore the association of SICs with metachronous malignancies. Survival analysis was performed using Kaplan-Meier methods and Cox proportional-hazard models. Among 8331 patients with SICs, 2424 (29%) had another PM at some time. The most common sites were prostate (26.2%), breast (14.3%), colon (9.1%), lung/bronchus (6.3%), and bladder (5.3%). Overall, 67% of patients had a PM diagnosed before SIC (pre-SIC), 33% after SIC (post-SIC), and 8% had a PM both before and after SIC. Among the pre-SIC group, the risk of future SIC was increased after cancers of the small bowel (RR 11.86 (95% CI: 6
Introduction
Small-intestinal carcinoids (SIC) are the most common small-bowel malignancies, representing 31-41% of all small-bowel neoplasms (DiSario et al. 1994 , Lepage et al. 2006 , Hatzaras et al. 2007 , Bilimoria et al. 2009 ). Although they may be diagnosed at any time, peak incidence occurs between the ages of 50 and 60 years. SICs are generally characterized by a relatively indolent course, and may produce a number of clinical manifestations. SIC patients may present with or develop metastatic disease.
It is difficult to predict survival patterns in patients with SICs due to their heterogeneous biological behavior (Modlin et al. 2008) . The Surveillance, Epidemiology, and End Results (SEER) database predicts 5-year survival as broadly as 43-96% based on disease extent, tumor site, and grade (Landry et al. 2008) . Perhaps more importantly, this survival rate has not changed over time after adjusting for patient demographics, tumor characteristics, and treatment approach (Bilimoria et al. 2009 ). Recent efforts have attempted to understand the long-term survival and correct staging of the disease. Initial attempts at staging were published by the European Neuroendocrine Tumor Society (ENETS) investigators in 2006/2007 and have since been revised (Rindi et al. 2006 , Klöppel et al. 2009 ). The North American Neuroendocrine Tumor Society (NANETS) has also now published similar guidelines, as have other independent investigators (Landry et al. 2008 , Boudreaux et al. 2010 , Edge et al. 2010 .
Multiple primary cancers in an individual may suggest a genetic predisposition or common environmental risk factors, and understanding the risks of developing neoplasms may guide future screening and surveillance efforts (Neugut & Robinson 1992) . With regard to SICs, metachronous cancers may be a consequence of bioactive, potentially neoplasiapromoting secretory products affecting a variety of cell types (Modlin et al. 2003) . Earlier studies investigating the incidence of additional primary cancers among patients with neuroendocrine tumors (NETs) have been either autopsy studies or limited by small sample sizes (Alexander & Altemeier 1968 , Gerstle et al. 1995 , Habal et al. 2000 . As such, they have focused on gastrointestinal NETs in general, as opposed to more specifically SIC tumors. Most recently, Kamp et al. (2012) published a review of 459 Dutch patients with NETs of the digestive tract and concluded that 13.7% of patients had a second primary cancer. Although a population-based study by Zar et al. (2008) used the Swedish Cancer Registry to estimate excess risk associated with second primary malignancies (PM) among 3741 SIC patients, no study has used the US-based SEER database to quantify risk, none has investigated the predictors of additional malignancies in SIC patients, and none has utilized survival data to study differences in prognosis between SIC patients with and without additional PM.
The aim of our study was to use the populationbased SEER database, which covers w28% of the US population, to follow-up on a large number of SIC patients over time. We sought to investigate not only the risk of developing SIC before and after other PM, but also to assess the prognosis of patients with SIC, with and without another PM, and finally to determine the predictors of additional PM among SIC patients.
Materials and methods
The Surveillance, Epidemiology, and End-Results (SEER) Program was used to perform a review of patients diagnosed with SIC tumors between January 1, 1973 through December 31, 2007 (National Cancer Institute DCCPS Surveillance Research Program 2009). Using SEER*Stat software (National Cancer Institute, DCCPS, Surveillance Research Program SEER*Stat software (www.seer.cancer.gov/seerstat) version 6.5.2), patients were initially selected based on site codes C170-173, and C178-C179 for the small intestine. We then narrowed our search via ICD-O3 histology codes 8240, 8241, 8243, and 8249 to select specifically for SICs. We excluded diagnoses that were noted solely on the death certificate or at autopsy. A latency period of 6 months was used to reduce the possibility of a pre-existing or incidental tumor being discovered during the initial workup of the SIC.
Within the cohort above, the incidence of additional primary cancers, both before and after the diagnosis of small-bowel carcinoid, was determined. Multiple primary-standardized incidence ratios (MP-SIR) were calculated as an approximation of relative risk (RR) to explore the association of SICs with metachronous malignancies. Specifically, we calculated the cumulative age-, sex-, and race-specific person years at risk for each patient and multiplied these by the incidence rate of SICs (for the pre-SIC group) and the incidence rate of various PM (post-SIC) as resulted by the SEER database over the study period to obtain the expected number of SICs or PM. We then computed SIRs by dividing the observed number of each cancer by the expected number of the same cancer (observed/ expected). We calculated 95% confidence intervals using the Byar approximation to the exact Poisson Test (Breslow & Day 1987) .
Kaplan-Meier (K-M) methods and Cox Proportional-Hazard (CPH) models were used to test survival differences among SIC patients with and without another PM. Multivariate logistic regression was used to predict the factors associated with risk of a future (non-SIC) malignancy. Statistical significance was accepted at the P!0.05 level. SAS v9.2 (Carey, NC, USA) was used for all statistical analyses.
Results

Patient characteristics and demographics
We identified 8331 individuals diagnosed with an SIC between January 1, 1973 and December 31, 2007 who met our eligibility criteria (Table 1) . The age of patients ranged from 14 to 98 years, with a mean of 64.7G13.4 years. The majority, 83.3% of patients were Caucasian, 13.9% were African-American, and 2.8% were of other races. Of those diagnosed, 52.7% of patients were male. The number of SICs diagnosed per decade increased over time, from 6.3% in [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] to 51.4% during 2000-2007. Of these, 38.3% of cases were classified as localized disease, 36.5% as regional, and 25.2% as distant, using the SEER historic staging criteria.
Incidence and risk of additional primary cancers
Of the 8331 patients with SICs, 5907 (71%) had only an SIC without any other malignancy, whereas 2424 (29%) had an additional PM at some time. The most common sites of additional PM were prostate (26.2%), breast (14.3%), colon (9.1%), lung/bronchus (6.3%), and bladder (5.3%) ( Table 2) . Two-thirds (67%) of SIC patients with second cancers had their additional malignancy diagnosed before the SIC (defined herein as pre-SIC), whereas 33% had additional PM diagnosed after the SIC (post-SIC). Among all SIC patients, 8% of patients had an additional PM both before and after the SIC. There was no difference in the proportion of additional primary cancers among patients with duodenal, jejunal, or ileal SICs (30% vs 28% vs 32%, PZ0.14).
Among the pre-SIC group, the risk of future SIC was increased after cancers of the small bowel (RR 11.86 (95% CI: 6.13-20.72)), esophagus (RR 4.05 (1.10-10.36)), colon (RR 1.39 (1.05-1.81)), kidney (RR 1.93 (1.12-3.09)), prostate (RR 1.38 (1.17-1.62)), and leukemia (RR 2.15 (CI: 1.18-3.61)). Among the post-SIC group, there was an increased risk of future PM of the small bowel .34)), liver (RR 2.49 (1.08-4.91)), prostate (RR 1.25 (1.0-1.53)), and thyroid (RR 2.73 (1.10-5.62)). SIC patients had a decreased risk of future lung cancer (RR 0.60 (0.41-0.83)) (Tables 3 and 4) .
Logistic regression analysis
Logistic regression analysis was performed to investigate the factors predictive of a future non-SIC primary cancer among patients with SICs (Table 5) . Controlling for significant co-factors, lower-stage SIC (regional vs localized OR 0.89, 95% CI: 0.74-1.08, distant vs localized OR 0.58, 95% CI: 0.46-0.73, P!0.001), increasing age at SIC diagnosis (51-70 vs !51 years old; OR 1.80, 95% CI: 1.37-2.36, O70 vs !51 years old; OR 2.01, 95% CI: 1.50-2.70, P!0.001), male sex (OR 0.84, 95% CI: 0.70-1.00, PZ0.049)), and more recent SIC diagnosis (1980 -1989 vs !1980 OR 0.96, 95% CI: 0.69-1.33, 1990 -1999 vs !1980 ; OR 0.70, 95% CI: 0.51-0.95, O2000 vs !1980 OR 0.39, 95% CI: 0.29-0.53, P!0.001) were all associated with increased odds of developing a future PM. 
Discussion
Metachronous neoplasia may reflect a genetic predisposition, common environmental exposures or behavioral risk factors, exogenous mitogenic effects of secretory products from a primary tumor causing neoplastic transformation, or a combination of all these factors (Neugut & Robinson 1992 , Modlin et al. 2003 . Investigators have previously studied the co-existence of additional primary cancers in carcinoid patients, but only one study has used a populationbased data set, and none has quantified the risk of both future primaries after SIC (post-SIC) as well as the risk of future SIC among patients with non-SIC primaries (pre-SIC) (Zar et al. 2008) . Our analysis constitutes not only the first US population-based quantification of the risk of additional cancers among a large cohort of SIC patients, but also investigates the predictors of additional malignancies in SIC patients, and utilizes survival data to study differences in prognosis between SIC patients with and without additional PM. In our series, almost one-third (29%) of patients with SICs had an associated metachronous primary tumor, a finding consistent with what other investigators have reported for carcinoid tumors in general. Most recently, Modlin et al. used the SEER database to show that carcinoid tumors of all types were associated with other non-carcinoid tumors in 22.4% of patients; however, other studies have reported associations with rates varying from 13.7 to 40.7% (Berge & Linell 1976 , Saha et al. 1989 , Marshall & Bodnarchuk 1993 , Kamp et al. 2012 . In the majority of these studies, the most common site of additional malignancy was the gastrointestinal tract, a finding not entirely reproduced by our data. While 20.7% of our additional primaries did occur in the gastrointestinal tract, 26.2% occurred in the prostate. Furthermore, breast malignancies accounted for 14.3% of additional primaries. These observations are consistent with a recently published study of a Dutch cohort and likely reflect the trend toward increased cancer surveillance over the last two decades combined with the fact that breast, prostate, lung, and colon cancers are among the most common cancers diagnosed in the U.S (Kamp et al. 2012) . Nevertheless, exogenous mitogenic effects of secretory products from a primary tumor causing neoplastic transformation as well as common environmental exposures or behavioral risk factors among a large number of cancers must also be considered (Neugut & Robinson 1992 , Modlin et al. 2003 . Increased survival and subsequent follow-up for the detection of additional malignancies is a less likely explanation, as the survival rate of SICs has not changed over this time period (Bilimoria et al. 2009 ).
More important than the absolute percentages of associated malignancies is the risk associated with their development among SIC patients. Our data suggest an increased risk of subsequent SIC after certain gastrointestinal malignancies, in particular small bowel, esophagus, and colon, with RRs ranging from 1.39 to 11.86. These findings may represent common genetic mechanisms, or possibly, as mentioned above, neuroendocrine secretory products acting locally and promoting tumorigenesis. Our 6-month latency period should have guarded against pre-existing or incidental SIC being discovered during the initial workup of the non-SIC primary. The increased risk of future SIC after kidney and prostate cancers is not unexpected, as these cancers are so common in the general population. The increased risk of SIC after leukemia is noteworthy, and may perhaps represent an association with therapeutic radiation.
Our study also suggests that patients with SICs are at increased risk for subsequent PM of the small bowel, liver, prostate, and thyroid, with RRs ranging from 1.25 to 8.78. Again, this may be explained by common genetic or environmental risk factors, and possibly even suggest a syndromic association between NETs of the small intestine and other primary cancers. The apparent protective effect of SICs on the development of future lung cancer is curious, and must be investigated further with more dedicated analyses.
The results of our logistic regression analysis investigating the factors associated with the development of future primary cancers among SIC patients are not surprising. Lower-stage SIC, as expected, increased the chances of developing a future non-SIC primary. These SICs follow a more indolent course, and patients survive long enough to develop a second cancer. Similarly, increasing age at SIC diagnosis was also predictive of the development of future non-SIC cancers. Unrelated to their SIC, these older patients are at increased risk for neoplastic processes in general. Earlier year of SIC diagnosis is likely an artifact of the SEER database, as patients diagnosed closer to the study end-point have fewer years of follow-up to develop additional cancers. Male SIC patients were also more likely to develop a subsequent PM, but the corresponding P value of 0.049 barely met statistical significance.
Lastly, our survival analyses suggest that SIC patients diagnosed with a PM before, but not after, their SIC have a worse prognosis than patients diagnosed with SIC as a cancer of first diagnosis (mean survival 57.9 vs 40.9 months). This finding has implications for both patient and provider, and suggests increased screening and surveillance efforts among the most common pre-SIC neoplasms may be a way of increasing survival from SIC. Small-bowel neoplasms must not be overlooked when considering routine cancer screening.
This study has several limitations. First, we assumed perfect follow-up of cancer survivors in the SEER database. In reality, this is not the case. Second, SICs are rare cancers, and the number of patients with multiple primaries, though much larger than the previously reported series, is small. As such, this sample size resulted in our calculating SIRs based on small expected values. Although we tried to group anatomic sites together to minimize this effect (e.g. ascending, transverse, and descending colon), this was not possible for some cancer sites. Third, although we used a 6-month latency period to reduce the possibility of pre-existing or incidental tumors being discovered during the workup of the initial primary cancer, we cannot conclude with certainty that the SEER database does not include any redundancy. In summary, our study constitutes the first US population-based quantification of the risk of additional cancers in SIC patients. We show that almost one-third of SIC patients develop at least one additional PM at some time, and that two-thirds of these additional malignancies occur prior to the SIC diagnosis. For this latter cohort, patients with an additional malignancy prior to their SIC diagnosis, survival is worse than when SIC occurs as a cancer of first diagnosis. Tailoring screening and surveillance efforts based on the type of malignancies associated with SICs may aid in the diagnosis of early-stage disease, and subsequently help to reduce SIC mortality.
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